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@ Black pigment particles. 

@ Black pigment particles comprising polycrystalline particles having a mixed composition of Fe2Ti05 and 
FeaOs-FeTiOs solid solution are useful as pigment particles for a developing toner and for coating materials 
such as paints. 
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BLACK PIGMENT PARTICLES 



The present invention relates to black pigment particles which are non-magnetic, safe and harmless, 
and excellent in workability and heat resistance. 

The black pigment particles according to the present invention are particularly useful as a developing 
toner, coloring materials for paint, coloring materials for resins, and the like. 
5 Generally black pigment particles are widely used as a developing toner by mixing and dispersing the 

pigment particles in a resin and then molding, or as coating materials by mixing and dispersing the said 
pigment particles in a vehicle. 

Recently, an offer of black pigment particles which are non-magnetic, safe and harmless, and also 
excellent in workability and heat resistance, has been strongly demanded from the standpoints of 
70 enhancement of working efficiency in the age of energy saving, safety and sanitation, and improvement of 
properties. 

For the improvement of workability of the pigment particles, it is imperative that the pigment particles 
are non-magnetic and have good dispersibility with an appropriate range of size, and are offered in the form 
of powder which Is easy to handle by possessing a high apparent density and an appropriate range of size. 
75 Heat resistance is also requisite for the said black pigment particles because these particles when 
being used for developing toner are required to be stable in hue even at high temperatures above 150*" C, 
since the developing toner, whose demand is growing with the spread of copying devices in recent years, is 
heated to a high temperature over 150* C in its production process. 

Hitherto, magnetite particles and carbon black particles have been popularly used as black pigment 
20 particles. 

Thus, the black pigment particles which are non-magnetic, safe and harmless, and also excellent in 
workability and heat resistance are now most acutely required. The known magnetite particles, because of 
their magnetism, tend to repeat mutual agglomeration to deteriorate their dispersibility. resulting in poor 
workability.^ Also, the magnetite particles begin to transform into maghemite particles at a temperature 

25 above 150 C and are changed in color from black to liver brown, and therefore, they are unsatisfactory in 
heat resistance. On the other hand, a carbon black, although excellent in heat resistance, is hard to handle 
and bad in workability because it is a powder comprising ultraflne particles with a size of 0.01 - 0.1 um 
while having a high apparent density of around 0.1 g/cm^. It is also pointed out that the carbon black is 
problematic in the aspect of safety and sanitation such as carcinogenicity thereof, etc. 

30 Accordingly, the technical subject of the present invention is to provide black pigment particles which 
are non-magnetic, safe and hannless, and also excellent in workability and heat resistance. 

As a result of the present inventors* strenuous studies for obtaining the black pigment particles 
described above, it has been found that polycrystalline particles having a mixed composition of FegTiOs 
and FezOs-FeTiOa solid solution, produced by subjecting magnetite particles having their suri=aces coated 

35 with a titanium compound, a mixture of magnetite particles and a titanium compound, or reduced particles 
obtained by reducing the hematite particles having their surfaces coated with a titanium compound, to heat- 
treatment at a temperature of not less than 700 *C under a non-oxidizing atmosphere, and pulverizing the 
thus treated particles, can fulfill the above-mentioned purpose. The present invention has been attained on 
the basis of this finding. 

40 In a first aspect of the present invention, there are provided black pigment particles comprising 
polycrystalline particles having a mixed composition of FeaTIOs and FesOs-FeTiOs solid solution. 

In a second aspect of the present Invention, there are provided black pigment particles for developing 
toner comprising polycrystalline particles having an average particle size of 0.1 to 0.5 am and a mixed 
conriposition of Fe2Ti05 and FegOs-FeTlOa solid solution. 
45 In the accompanying drawings: 

Fig. 1 and Fig. 2 are an electron micrograph (x1 00,000) showing the structure of a black pigment particle 
according to the present invention and an X-ray diffraction pattern of the particle, respectively. 

In the particle composition of the present invention comprising FeaTlOs and Fe203-FeTi03 solid 
solution, the ratio of Fe2TI05 is 1-40 wt%. and the ratio of Ti to Fe(ll) and Fe(III) in the polycrystalline 
50 particle is 15-50 atom%. Each particle is composed of both Fe2Ti05 and FezOs-FeTiOa solid solution. 

The lightness L* of th e black pig ment particles of the present invention is 18 to 25, preferably 18 to 23, 
and the chroma C*ab = >/a"^ + b'-^ Is 0.2 to 4.0. preferably 0.2 to 2.0 (wherein L*. a* and b' are the values 
indicated by (L*. a*. b*) uniform sensory color space of CIE 1976). 

The black pigment particles according to the present Invention have a magnetization of about 0.5 to 5.0 
emu/g, preferably 0.5 to 2.0 emu/g, and are almost non-magnetic. 
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The pigment particles of the present invention also have an apparent density within the range of 0.5 to 
1 .2 g/cm^, preferably 0.6 to 1 .1 g/cm^. 

The size of the polycrystailine particles according to the present invention is within the range of 0.05 to 
2.0 urn, preferably 0.1 to 1,0 unn. When the particles of the present Invention are used as coloring pigment 
5 particles -for developing toner, it is preferable that the particles have an average size of 0.1 to 0.5 urn, 
considering facilitation of mixing and dispersion of the particles in resins. 

The polycrystailine particle having a mixed composition of FeaTiOs and Fe203-^FeTi03 solid solution 
according to the present invention is black in color, non-magnetic, safe and harmless, easy to handle owing 
to an appropriate particle size and a high apparent density, and also excellent in heat resistance. 
70 The particle size of toner generally used at present is about 10 um. There Is, however, a tendency 
toward decrease of the particle size in conformity to enhancing performance of toner, and this is causing a 
complaint that the toner particles obtained by using carbon black with a low apparent density are hard to 
classify in the toner production process because of small specific gravity. The black pigment particles 
comprising polycrystailine particles according to the present invention are free of such a problem because 
75 the toner particles obtained by using the said black pigment particles have a sufficiently large specific 
gravity owing to a high apparent density, for example, 4.0 to 5.5 g/cm^ and are therefore easy to classify. 

The black pigment particles according to the present invention have so excellent heat resistance 
because they are scarcely changed in color even when exposed to such a high temperature as around 
300 'C, 

20 The black pigment particles according to the present invention can be obtained by subjecting magnetite 
(FeOx.FezOs, wherein 0.5^x^1) particles having their surfaces coated with a titanium compound, mixture of 
the magnetite ( FeOx -FezOa, wherein O.S^xSI) particles and a titanium compound, or reduced particles 
obtained by reducing hematite particles having their surface coated with a titanium compound, to a heat- 
treatment at a temperature not less than 700' C under a non-oxidizing atmosphere, and pulverizing the thus 

25 treated particles. Use of magnetite (FeOx.Fe203. wherein 0.5^^1) particles coated with a titanium 
compound as starting material is preferred because it is easy to obtain the particles with low magnetization 
and such particles are essentially non-magnetic. 

The magnetite (FeOx - Fe203, wherein O.S^xSI) particles or hematite particles used in the present 
invention may be of any shape such as granular, spherical, aclcular, etc., and the size of these particles 

30 used is from about 0.03 to 1 .5 iim. 

There is correlation between the size of the starting particles and that of the product particles, that is. 
normally when using the starting particles with a small size, the product particles are also small in. size, and 
when using the starting particles with a large size, there are obtained the product particles large in size. 
As the titanium compound coated on or mixed with the said starting particles, there can be used 

36 hydrous oxides, hydroxides and oxides of titanium. When a titanium compound is mixed with magnetite 
(FeOx. Fe203. wherein 0.5^^1) particles, it is preferred to use a water-soluble titanium compound. The 
amount of titanium compound used in the particle preparation is 15.0 to 50.0 atom%, preferably 20 to 40 
atom%, calculated as Ti. based on Fe(ll) and Fe(lll) in magnetite particle. In the case of less than 15.0 
atom%, calculated as Ti, base on Fe(ll) and Fe(lll), the magnetization of the obtained black pigment particle 

40 increases, while in the case of more than 50.0 atom%, calculated as Ti, based on Fe(ll) and Fe(lll). though 
enabling obtainment of the desired non-magnetic black pigment particle, any extra effect can not be 
obtained. 

N2 gas or the like can be used as non-oxidizing atmosphere in the heat treatment When the 
atmosphere is oxidizing, the objective black pigment particles can not be obtained. 
45 The amount of Ti in the polycrystailine particles of the present invention is 15 to 50 atom%, preferably 
20 to 40 atom% based on the sum of Fe(ll) and'Fe(lll) therein. 

The temperature for the heat-treatment needs to be not lower than 700 ' C. preferably 720 to 800 * C. 
When the heat-treatment temperature is below 700*0, there takes place no sufficient solid-phase reaction 
between iron oxide and titanium compound, and the desired black pigment particles can not be obtained. 
so Pulverization of the obtained particles can be accomplished by using a commonly employed pulverizer 
such as ball mill, attritor, vibration mill and the like. 

in the above process, the starting particles may be coated with a known sintering inhibitor before 
subjecting to the heat-treatment. In this case, the sintering of the particle and between the particles in the 
heat-treatment is prevented, thereby obtaining the black pigment particles having good disperslbility. A 
ss compound composed of at least one element selected from Al, Ti, Si. 2r and P can be used as the sintering 
inhibitor which is safe from impairing the normal properties of the black pigment particles in the present 
invention. The amount of the sintering inhibitor element used in the present invention is 0.1 to 15.0 atom%, 
preferably 0.1 to 5.0 atom% based on the amount of Fe and Ti. For obtaining a satisfactory sintering 

3 
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inhibitive effect, it is preferable to *add the sintering inhibitor in an amount of not less than 0.1 atom%. But 
when its amount exceeds 15.0 atom%. magnetite is mixed in the produced black pigment particles, and as 
a result it Is difficult to obtain the desired non-magnetic black pigment particles. 

The black pigment particles of the present invention suffer a decrease in lightness L* of not more than 
6 3.0 and an Increase in chroma of not more than 1,0 after the heat-treatment. These results demonstrate 
that the said pigment particles remain almost free of color change from black and have excellent heat 
resistance. 

Further, the black pigment particles according to the present invention are easy to handle and excellent 
in workability owing to their high apparent density which is 0.5 to 1.2 g/om\ Moreover, the pigment particles 
w of the present invention are free of re-agglomeration and show good dispersibillty as their magnetization is 
as low as 0.5 to 5.0 emu/g. 

As described above, the black pigment particles according to the present invention are non-magnetic, 
safe and harmless, and also excellent in workability and heat resistance, so that they can be advanta- 
geously used as developing toner, coloring material for paint, coloring material for coating resins, and the 
76 like. 



Examples 

20 The present invention will be more precisely explained while referring to Examples as follows. 

However, the present invention is not restricted to Examples under mentioned. From the foregoing 
descnption, one skilled in the art can easily ascertain the essential characteristics of the present invention, 
and without departing from the spirit and scope thereof, can make various changes and modifications of the 
invention to adapt it to various usages and conditions. 
25 The average sizes of the particles shown in the following Examples and Comparative Examples are the 
average of the values determined from electron micrographs. 

The magnetization of the particles shown below are the ones determined in a magnetic field of 10 KOe 
The ratio between FesTiOg and Fe203-FeTi03 solid solution was shown by the value of strength ratio of ' 
man peaks on an X-ray spectrum commonly used as an Index showing the existing proportions (bv 
30 volume). =» r- x > 

As for the L" value (lightness), a* value and b* value, the color of each test sample was measured for L*. 
a* and b* by Hunter's Lab space by using amulti-light-source spectrocolorimeter MSC-IS-2D (mfd. by Suga 
Testing Machines Mfd. Co.. Ltd.) and they (L*, a* and b*) were shown by the values indicated according to 
(L*, a*, b*) uniform sensory color space of CIF 1976. 

Each test sample was prepared by kneading together 0.5 g of black pigment particles and 1.0 cc of 
castor oil by a Hoover muller to form a paste-like substance, then adding thereto 4.5 g of clear lacquer, 
kneading them to form a coating material, and applying this coating material on a cast coated paper sheet 
by a 6-mil applicator. 



35 
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Example 1 



100 g of granular magnetite particles having an average particle size of 0.2 um and a magnetization of 
85.0 emu/g were mixed and dispersed in an aqueous solution containing 0.26 mol of TfOSO* (Tl/Fe = 20.0 
45 atpm%). This suspension was neutralized by adding NaOH, a hydroxide of Ti was deposited on the particle 
surfaces by adjusting pH to 8. and then the obtained particles were filtered and dried. A fluorescent X-ray 
analysis of the obtained magnetite particles having their surfaces coated with a hydroxide of Ti in which an 
amount of Ti(IV) in the magnetite particle was 21.0 atom% based on the sum of Fe(ll) and Fe(lll). 

50 g of the granular magnetite particles thus obtained were heat-treated at 750 "C under an N2 gas 
50 stream for 120 minutes and then pulverized to obtain fine black particles. 

The black particles thus obtained had an average particle size of 0.25 urn as shown in an electron 
micrograph (x1 00.000) of Fig. 1 and were composed of a mixed composition of FezTiOs and FezOg-FeTiOs 
solid solution as shown in an X-ray diffraction pattern of Fig. 2. In the diffraction pattem. peak A denotes 
FeaTiOs and peak B denotes FegOa-FeTIOs solid solution. 
55 The ratio of Fe2Ti05 to Fe2O3-FeTi03 solid solution, as determined by measuring strength ratio of their 
respective main peaks A2 and main X-ray peaks B2. was 0.09 : 1. 

The black particles also had a lightness (L*) of 24.5. a chroma (C-ab = Va"'^ + ti^ )of 1.0. an apparent 
density of 0.8 g/cm^ and a magnetization of 0.6 emu/g. 
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2.0 g of these black particles were further heat-treated at 300* C In the air for 60 minutes. The resulting 
product had a lightness L* of 21 .7 and a chroma C* ab = >/a*^ + b"=^ of 1 .9, both of which were little 
different from those before the heat-treatment. 



Examples 2, 4 and 5 

Black pigment particles were obtained by following the same procedure as Example 1 except for 
change of the kind of starting particles, the kind, amount and coating method of Ti compound, the amount 
10 of urea, enforcement of the treatment with a sintering inhibitor, the kind and amount of the sintering 
inhibitor, and the temperature and time of the heat treatment. 

The main producing conditions in the above Examples and the properties of the obtained products are 
shown in Table 1 and Table 2. respectively. 



75 



Example 3 



100 g of the same granular magnetite particles as Example 1 were mixed and dispersed in an aqueous 
solution containing 0.45 mol of TiOSO^ (Ti/Fe = 35.0 atom%). The suspension was added with 2.72 mol of 
20 urea, kept at 95 'C under stirring for 180 minutes to hydrolyze TiOSO*, thereby depositing a hydroxide of 
Ti on the particle surfaces, and then the thus obtained particles filtered and dried. A fluorescent X-ray 
analysis of the obtained granular magnetite particles havmg their surfaces coated with a hydroxide of Ti in 
which the amount of Ti(iV) In the particle was 37.0 atom% based on the sum of Fe(II) and Fe(lir). 

50 g of the thus obtained granular magnetite particles coated with a hydroxide of Ti on the surfaces 
25 were immersed in an aqueous solution containing 0.009 mol of Ab (804)3. thereby depositing a hydroxide of 
alurriinum on the hydroxide of Ti on the particle surfaces. The thus obtained particles were heat-treated at 
750* C under an N2 gas stream for 120 minutes and pulverized to obtain the black particles. 

The main producing conditions in the above process and the properties of the obtained product are 
shown in Table 1 and Table 2, respectively. 

30 

Referential Example 1 

The same granular magnetite particles (lightness L* - 16.9, chroma C ab = 1.10) as Example 1 were 
35 subjected to a heat resistance test in the same way as Example 1 . The magnetite particles after the heat 
treatment had a lightness (L*) of 35.3 and a chroma (C* ab = Va'"^ + b"*= ) of 72.0, from which it is noted, 
that the particles suffered a great color variation in comparison with the particles before the heat-treatment, 
indicating poor heat resistance of these particles. 

40 
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Table 1 
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Table 1 fronl-^d^ 
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Produced blac5V «•! fimp»r»i- MT-t-i r^i 
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Table ? fgftTii-Vrl^ 
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Claims 

1. Black pigment particles comprising polycrystalline particles having a mixed composition of FeaTiOs 
and Fe203-FeTI03 solid solution. 

2. Particles according to claim 1. which have an apparent density of from 0.6 to 1.1 g/cm^. 

3. Particles according to claim 1 or 2, which have a lightness of L* of from 18 to 23, a chroma C* of 
from 0.2 to 2.0 and a magnetization of from 0.5 to 2,0 Am^/kg (0.5 to 2.0 emu/g). 

4. Particles according to any one of the preceding claims, wherein said polycrystalline particles have an 
average particle size of from 0.1 to 1.0 urn. 

5. Particles according to any one of the - preceding claims, wherein the amount of Tl in said 
polycrystalline particles is from 20 to 40 atom% based on the total amount of Fe(ll) and Fe(lll). 

6. Particles according to any one of the preceding claims which have their surfaces coated with an 
oxide of at least one element selected from Al, Ti, SI. Zr and P. 

7. A process for the preparation of black pigment particles as claimed in any one of the preceding 
claims, which process comprises subjecting: 

<a) magnetite particles having their surfaces coated with a titanium compound, 

(b) a mixture of magnetite prticles and a titanium compound, or 

(c) particles obtainable by reducing hematite particles having their surfaces coated with a titanium 
compound. 

to heat treatment at a temperature of not less than 700 ° C in a non-oxidising atmosphere and pulverising 
the particles thus obtained. 
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8. A developing toner comprising a resin and particles as ciarmed in any one of claims 1 to 6 havlna an 
average particle size of from 0.1 to 0.5 um. j ^ u navmy cm 

9^A coating material comprising a vehicle and particles as claimed in any one of claims 1 to 6 
10. A matenal according to claim 9, which is a paint 



10 



75 



20 



25 



30 



35 



40 



45 



50 



55 



10 



JSDOCID: <EP. 



.0402026A2J_> 



EP 0 402 026 A2 



Fig. I ^ST AVAILABLE COPY 




BNSOCX:«D: <EP 0402029A2_L> 



THIS PAGE BLANK (USPTO) 



J 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



■iiiiiiiiiiiiiiiiiiiiiiiiiii 



0 Publication number: 



0 402 026 A3 



® 



EUROPEAN PATENT APPLICATION 



0 Application number: 90305788.3 
@ Date of filing: 29.05.90 



© int.CL5: C09C 1/00, C09C 1/36 



® Priority: 30.05.89 JP 137751/89 

© Date of publication of application: 

12.12.90 Bulletin 90/50 

® Designated Contracting States: 
DE FR GB NL 

® Date of deferred publication of the search report: 

02.01.91 Bulletin 91/01 



® Applicant: TODA KOQYO CORP. 
7-1 Yoicogawa-Shinmachi Nishl-lcu 
Hiroshima-shi Hiroshin)a-l(en(JP) 

® Inventor: ICatannoto, Tsutomu 

5-14-20-2 itsuicaichi-Chuo, Saeici-ku 
Hiroshima-shi, Hlroshima-l<en(JP) 

0 Representative: Woods, Geoffrey Corlett et ai 
J.A. KEMP & CO. 14 South Square Gray*s 
Inninn 

London WCIR 5EU(GB) 



0 Blacic pigment particles. 



0 Black pigment particles comprising polycrystal- 
line particles having a mixed composition of FeaTiOs 
and Fe203-FeTi03 solid solution are useful as pig- 



ment particles for a developing toner and for coating 
materials such as paints. 



CO 
< 

CO 
CM 



UJ 




Xerox Copy Centre 



INSOOCID: <EP 0402026A3 I > 



J 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 



EP 90 30 5788 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication* where appropriate, 
of relevant passages 



Relevant 
to I 



CLASSmCATION OF THE 
APPLICATION ant. cijsy 



C 09 C 1/22 
C 09 C 1/00 
C 01 G 49/00 



TECHNICAL FIELDS 
SEARCHED (hit* CI.9) 



C09C 

CGI G 



The present search report has been drawn up for an claims 



Place of search 



The Hague 



Date of completion of search 
02 November 90 



Examiner 
VAN BELLINGEN I.C.A. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant If taken alone 
Y : particularly relevant H combined with another 

document of the same category 
A: technological {background 
O: noo'wrttten disclosure 
P: intermediate document 
T : theory or principle underlying the Invention 



E : eaHler patent document, but pubiiahed on, or after 

the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



ISDOCID: <EP 0402026A3_L> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE D0CUMB;NTS 



™S RAGE BUNK 



ttmo) 



